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COMPUTING ENVIRONMENT THAT PRODUCES

REALISTIC MOTIONS FOR AN ANIMATRONIC FIGURE

BY
ALEXIS P. WIELAND
AKHIL JITEN MADHANI
HOLGER IRMLER

SURROUNDING BACKGROUND

[0001] 1. Field:

[0002] A system and method are disclosed, which generally relate to robotic

figures, and more specifically to animatronic figures.
[0003] 2. Surrounding Background:

[0004] An animatronic figure is a robotic figure, puppet, or other movable object
that is animated via one or more electromechanical devices. The term “animated” is
meant to be interpreted as to move to action. The electromechanical devices include
electronics, mechanical, hydraulic, and/or pneumatic parts. Animatronic figures are
popular in entertainment venues such as theme parks. For example, animatronic
characters can be seen in shows, rides, and/or other events in a theme park. The
animatronic character’s body parts, such as the head and the arms, may generally
move freely. However, the animatronic character is usually incapable of freely

roaming or walking from one place to another.

[0005] Various animatronic systems have been created over a number of decades
to control the animatronic figure. The control of these systems has steadily
progressed over the last forty years from mechanical cams to mini computers to
board-based systems, but the underlying approach has changed little.

[0006] In general, current animatronic figure moves in a very mechanical fashion.
In other words, the current animatronic figure gives the appearance of moving like a

robot rather than giving the appearance of moving like a living creature.

SUMMARY
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[0007] In one aspect, there is an animatronic system. A reception module receives
a fixed show selection input and a puppetted input from an operator. The fixed show
selection input is associated with at least one fixed show instruction. The puppetted
input provides a puppetted instruction. There is an animatronic figure. A translation
software module translates the at least one fixed show instruction associated with
the fixed show selection input into at least one fixed show physical movement
instruction and translates the received puppetted instruction into at least one
puppetted physical movement instruction. A motion software module receives the at
least one fixed show physical movement instruction, receives the at least one
puppetted physical movement instruction, and calculates a composite animated
instruction from the at least one fixed show physical movement instruction and the at
least one puppetted physical movement instruction so that at least one actuator can

effectuate at least one component of the animatronic figure in a life-like manner.

[0008] In another aspect, there is an animatronic system. An audio software
module provides an instruction to an audio device to output an audio signal when the

motion of the at least one component of the animatronic figure is effectuated.

[0009] In one aspect, there is an animatronic system. An automatic fixed show
software module automatically provides the fixed show selection input to the

reception module at a predetermined time.

[0010] In another aspect, there is an animatronic system. A predetermined time
coincides with a time that the operator provides the puppetted input.

[0011] In one aspect, there is an animatronic system. The operator presses a

button to provide the fixed show selection input.

[0012] In another aspect, there is an animatronic system. A sensor is operably

connected to the animatronic figure that determines the occurrence of an event.

[0013] In one aspect, there is an animatronic system. The occurrence of an event

triggers the fixed show selection input to be inputted to the reception module.

[0014] In another aspect, there is an animatronic system. The operator turns a dial

to provide the fixed show selection input to the reception moduie.
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[0015] In one aspect, there is a method that produces motion of an animatronic
figure. A puppetting instruction is provided to the animatronic figure to perform a
puppetting movement. A fixed show selection is associated with at least one fixed
show instruction to the animatronic figure to perform a fixed show movement. The
puppetting instruction is combined with the at least one fixed show instruction to form
a combined instruction. The animatronic figure is instructed to perform the combined

instruction.

[0016] In another aspect, there is a method that produces motion of an animatronic

figure. The fixed show selection is provided by the user.

[0017] In one aspect, there is a method that produces motion of an animatronic
figure. Instructing the animatronic figure to perform the combined instruction results
in ,a composite movement of the puppetted movement and the fixed show

mdement.

[0018] In another aspect, there is a method that produces motion of an animatronic
figure. The puppetted movement is to be performed by the same component of the

animatronic figure as the fixed show movement.

[0019] In one aspect, there is a method that produces motion of an animatronic
figure. The puppetted movement is to be performed by a different component of the

animatronic figure than the fixed show movement.

[0020] In another aspect, there is an animatronic system. There is an animatronic
figure. A reception module receives a first command and a second command from
an operator. The reception module is operably connected to the animatronic figure.
The reception module communicates with the animatronic figure. The animatronic
figure makes a first movement according to the first command. The animatronic
figure makes a second movement according to the second command. A filter
module filters the first command through a first filter and filters the second command
through a second filter to coordinate a first movement of the animatronic figure
resulting from the first command with a second movement of the animatronic figure
resulting from the second command so that the motion of the animatronic figure

provides a life-like appearance.
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[0021] In one aspect, there is an animatronic system. The first command is a

puppetted instruction.

[0022] In another aspect, there is an animatronic system. The second command is

a fixed show selection that is associated with at least one fixed show instruction.

[0023] In one aspect, there is an animatronic system. The first filter is a low pass
filter.

[0024] In another aspect, there is an animatronic system. The second filter is a
high pass filter.

[0025] In one aspect, there is an animatronic system. The second filter is a band

pass filter.

[0026] In another aspect, there is an animatronic system. The first filter and the
second filter are used on different components of the same body part of the

animatronic figure.

[0027] In one aspect, there is an animatronic system. The first filter and the
second filter are used on different body parts of the animatronic figure.

[0028] In another aspect, there is an animatronic figure. There is a leg. A leg
actuator is operably connected to the leg, wherein the leg actuator effectuates
movement of the leg. There is a wheel. A wheel actuator is operably connected to
the wheel, wherein the wheel actuator effectuates movement of the wheel. A
processor determines a leg motion and a wheel motion to effectuate movement of
the animatronic figure. The processor sends the leg motion to the leg actuator. The

processor sends the wheel motion to the wheel actuator.

[0029] In one aspect, there is an animatronic figure. A position sensor determines
a first current position of the animatronic figure.

[0030] In another aspect, there is an animatronic figure. An incremental sensor
measures a second current relative position of the animatronic figure by

incrementing the distance traveled from an initial position of the animatronic figure.

[0031] In one aspect, there is an animatronic figure. A clipping module determines

if the difference between the second current position of the animatronic figure and
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the first current position of the animatronic figure has reached a positional clipping
limit. ‘

[0032] In another aspect, there is an animatronic figure. A clipping module
determines if the velocity of the animatronic figure in moving from the first current
position to the second current position has reached a velocity-clipping limit in

addition to reaching the positional clipping limit.

[0033] In one aspect, there is an animatronic figure. A clipping module determines
if the velocity of the animatronic figure in moving from the first current position to the

second current position has reached a clipping limit.

[0034] In another aspect, there is an animatronic figure. A clipping module
determines if the acceleration of the animatronic figure in moving from the first
cutrent position to the second current position has reached a clipping limit,
seﬁqarately or in conjunction with a position-clipping limit and/or with a velocity-
clipping limit.

[0035] In one aspect, there is an animatronic figure. The clipping module shortens

a trajectory of the animatronic figure if the clipping limit has been reached.

[0036] In another aspect, there is an animatronic figure. The clipping module
reduces a velocity of the animatronic figure if the clipping limit has been reached.

[0037] In one aspect, there is an animatronic figure. The clipping module reduces

an acceleration of the animatronic figure if the clipping limit has been reached.

[0038] In another aspect, there is a method that produces motion of an animatronic
figure. A puppetted instruction is provided to the animatronic figure to perform a
puppetted movement. A fixed show selection command is provided to the
animatronic figure to perform at least one fixed show movement associated with the
fixed show selection. The puppetted movement and the fixed show movement are
combined into a composite movement. The animatronic figure is instructed to

perform the composite movement.

[0039] In one aspect, there is a method that produces motion of an animatronic

figure. The fixed show selection is provided by the user.
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[0040] In another aspect, there is a method that produces motion of an animatronic
figure. The puppetted movement and the at least one fixed show movement is a
composite of the puppetted movement and the fixed show movement.

[0041] In one aspect, there is a method that produces motion of an animatronic
figure. The puppetted movement is on the same component of the animatronic

figure as the fixed show movement.

[0042] In another aspect, there is a method that produces motion of an animatronic
figure. The puppetted movement is on a different component of the animatronic

figure than the fixed show movement.

[0043] In one aspect, there is a method that produces motion of an animatronic
figure. A pre-determined limit reduces the composite of the puppetted movement

and the fixed show movement.

[0044] In another aspect, there is an animatronic system. There is an animatronic
figure. A reception module receives a first command from an operator. The
reception module is operably connected to the animatronic figure. The reception
module communicates with the animatronic figure. The first command is used by the
animatronic system as part of a calculation to determine a first movement. An
algorithmic response module provides a second command to the animatronic figure
based on the occurrence of the first command being provided to the animatronic
figure. The algorithmic response module receives the first command from the
reception module. The animatronic figure makes a second movement according to

the second command.

[0045] In one aspect, there is an animatronic system. The first command is a

puppetted instruction.

[0046] In another aspect, there is an animatronic system. The second command is

a fixed show selection input associated with at least one fixed show instruction.

[0047] In one aspect, there is an animatronic system. The second command is an
animatronic fixed show instruction that is based on the occurrence of a sensor

operably connected to the animatronic figure detecting a stimulus.
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[0048] In another aspect, there is an animatronic system. A filter module filters the
first movement through a first filter and filters the second movement through a
second filter to coordinate the first movement with the second movement so that the
motion of the animatronic figure provides a life-like appearance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0049] By way of example, reference will now be made to the accompanying

drawings.

[0050] Figure 1 illustrates an animatronic system, which is configured to produce

different types of shows in real-time and in a life-like manner.
[0051] Figure 2 illustrates a process that produces motion of the animatronic figure.

[0052] Figure 3A illustrates an algorithmic configuration, which determines

malements of the animatronic figure according to an algorithm.

[0053] Figure 3B illustrates one embodiment of the algorithmic configuration 300 in

which the sensor provides a sensed condition to the algorithmic response module.

[0054] Figure 3C illustrates another embodiment of the algorithmic configuration in
which reception module receives the sensed condition from the sensor and receives

the user-inputted motion from the operator.

[0055] Figure 4 illustrates a process that combines a user-inputted instruction with

an algorithmically determined instruction.

[0056] Figure 5 illustrates a filtering animatronic configuration in which movements

produced by the animatronic figure are filtered.

[0057] Figure 6A illustrates a graph for unfiltered motion of the head of the

animatronic figure.

[0058] Figure 6B illustrates a graph for filkered motion of the head of the

animatronic figure.

[0059] Figure 7 illustrates an animatronic filter configuration, which filters
user-inputited motions and algorithmically determined motions in a coordinated

manner to produce life-like motions for the animatronic figure.

[0060] Figure 8A illustrates a graph depicting filters for an animatronic figure.
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[0061] Figure 8B illustrates a graph that represents the rotation of body parts of the
animatronic figure that were filtered by the filter module.

[0062] Figure 9A illustrates a process for filtering motions of the animatronic figure
based on a user-inputted command and a command determined by the occurrence

of the user-inputted command.

[0063] Figure 9B illustrates a process for filtering motions of the animatronic figure

based on a user-inputted command a command that is determined from a stimulus.
[0064] Figure 10 illustrates a layered system of éoftware modules.

[0065] Figure 11 illustrates a detailed view of the trajectory planner.

[0066] Figure 12 shows an example of a simple composite trajectory.

[0067] Figure 13 illustrates a curve described by a plurality of keyframes.

[0068] Figure 14 illustrates another embodiment in which a curve described by a

plurality of keyframes.
[0069] Figure 15 illustrates a graph with a sequence of points.
[0070] Figure 16A illustrates another graph with an interpolation of data.

[0071] Figure 16B shows the corresponding velocities of the graph depicted in
Figure 16A.

[0072] Figure 16C shows the corresponding accelerations of the graph depicted in
Figure 16A.

[0073] Figure 17 is an example script for the simple four point keyframe trajectory

shown in Figure 15 used to describe smooth keyframes.

[0074] Figure 18 illustrates an example script for the composite trajectory shown in

Figure 12.
DETAILED DESCRIPTION

[0075] A computing environment is disclosed, which provides greater flexibility for
controlling animatronic systems than previously seen and provides the ability to
produce real-time composite motions. This computing environment can be applied
to robotic systems generally and is not limited to only animatronic systems. Further,
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this computing environment is not limited to any particular programming language.
In one embodiment, a scripting language is used to provide a programmer with a
high level tool that instructs the animatronic figure to create and produce real, life-like

motions.

[0076] Various features of this computing environment are described below with
respect to an animatronic system. In one embodiment, the computing environment
provides resources for different types of shows that the animatronic figure can
perform, the combination and sequencing of the movements in these shows to
produce life-like movements in real-time, calculations of trajectories for real-time
movements, and/or filtering of the animatronic figure’s movements. These and other

features will be discussed below.

[0977] Figure 1 illustrates an animatronic system 100, which is configured to
proguce different types of shows in real-time and in a life-like manner. A show is a
sequence of movements of an animatronic figure 108 animated by the animatronic

system 100.

[0078] One type of show is a puppetted show. The puppetted show is a sequence
of movements that are operator-controlled. In other words, an operator 101
manually inputs the desired movements of the animatronic figure 108 into the
animatronic system 100. Upon the user manually inputting each desired motion, the
animatronic figure 108 produces a corresponding motion in a real-time fashion. The
animatronic system 100 instructs the animatronic figure 108 to produce the desired
motion instantly or in a short time period after the user manually inputs the desired
motion command. Therefore, the animatronic figure 108 appears to be moving
according to the desired motion as the user is entering the desired motion into the
animatronic system 100. One of ordinary skill in the art will recognize examples of
puppetted shows such as the MUPPETS or the puppets in the live stage adaptation
of Disney’s “The Lion King” which originally played in the New Amsterdam Theater in
New York, NY in 1997.

[0079] In one embodiment, the user inputs the puppetted motions 'through a
joystick or other analog input device. In another embodiment, the user inputs the
puppetted motions through a keyboard. In yet another embodiment, the user inputs

the puppetted motions through sensors attached to the user's body. In another
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embodiment, face tracking is used to input the puppetted motions. Fabe tracking
detects movements of the face and/or head. A camera can be focused on the face
and/or head to receive the puppetted motion. Sensors can also be placed on the
head to receive the puppetted motion. For instance, the operator 101 can wear a
headband that has sensors on it for detecting movement of the head. In yet another
embodiment, the user inputs the puppetted motions through voice commands into a
microphone that operates in conjunction with voice recognition software.

[0080] Another type of show is a fixed show. The fixed show is a recordation of
pre-animated sequences that can be played back either once or continuously in a
loop. The operator 101 can simply select a fixed show and animate the animatronic
figure 108 without having to input each movement while the show is pfaying, as the
operator 101 would do if providing a puppetted instruction. One of ordinary skill in
the art will recognize examples of fixed shows such as the “Enchanted Tiki Room”
shown at Disneyland in 1963 and “Great Moments with Mr. Lincoin” originally shown
at the New York world’s fair in 1964 and moved to Disneyland in 1965.

[0081] A few different methods exist for creating a fixed show. In one embodiment,
the fixed show is a recordation of the user puppetting a sequence of movements. In
another embodiment, the fixed show is a recordation of movements that a user
enters through a graphical user interface (“GUI"). In another embodiment, motions
are derived from other sources, such as deriving mouth positions from analyzing
recorded speech. In another embodiment, a combination of these approaches is
used. In one embodiment, the instructions for the fixed show are stored on a

computer-readable medium.

[0082] In one embodiment, the user inputs the selection of the fixed show through
a button (not shown) that instructs the animatronic system 100 to animate the
animatronic figure 108 according to the pre-recorded motions of the fixed show that
is selected. A plurality of buttons can be provided with each button representing a
different fixed show selection. In other words, the operator 101 can have a variety of
fixed show selections from which to choose. Each of the fixed show selections is
associated with a set of pre-recorded movements. When the operator 101 makes a
fixed show selection, the animatronic system 100 performs the set of pre-recorded

movements associated with the fixed show selection. In essence, the operator 101

10
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only has to provide one command to the animatronic system 100 to choose a fixed
show selection. The animatronic system instructs the animatronic figure 108 to
perform the instructions associated with the fixed show selection made by the

operator 101.

[0083] In another embodiment, the user inputs the selection of the fixed show with
a touch screen display. In another embodiment, the user inputs the selection of the
fixed show through a dial. In another embodiment, the user inputs the selection of
the fixed show through voice commands into a microphone that operates in

conjunction with voice recognition software.

[0084] The animatronic system 100 provides the user with the ability to animate the
animatronic figure 108 according to a fixed show and a puppetted show
simultaneously. If a fixed show provides an instruction to one actuator while the
puppetted sequence provides an instruction to a different actuator, both instructions
aré performed simultaneously to give the appearance that two different body parts

are moving simultaneously.

[0085] If the fixed show provides an instruction to the same actuator as the
puppetted show, a composite motion is calculated. The composite motion is
calculated so that the composite motion appears life-like. For example, if a fixed
show is a sneezing motion and a puppetted motion is moving the head forward, a
simple superimposition of the fixed show instruction and the puppetted motion wouid
lean the head forward more so than if only the puppetted instruction was given. In
another embodiment, the composite motion is formed by multiplying motions to
increase or reduce a component motion. For example, the amplitude that the tail
wags can be increased when a laugh is played. In another embodiment, the
composite motion is formed by modulating component motions. For example, the
frequency of the breathing motion can increase when a strenuous motion is played.
This combination parallels the motion of a living creature that would have, in the
sneezing example, an exaggerated movement of the head forward if a sneeze
occurred during the forward motion of the head.

[0086] Accordingly, the composite motion may appear to be too exaggerated of a
motion to appear life-like. In the sneezing example, the head may move too far

forward during the combined forward motion and the sneeze to appear life-like. In

11
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order to correct this behavior, the composite motion can be clipped. The term
clipping refers to the reduction of a value to fall within a predetermined limit. In one
embodiment, the trajectory of the composite motion of the animatronic figure 108 can
be clipped. In other words, the forward trajectory of the composite motion of the
head in the sneezing example can be shortened to meet the predetermined limit of
how far the head can move forward. An example of the predetermined limit would
be stopping the head of the animatronic figure 108 from touching the ground. In
addition, clipping ensures that the range limits for the actuators of the animatronic
figure 108 that perform the movement are complied with. For instance, if the
operator 101 provides a puppetted instruction to move the head of the animatronic
figure 108 too far backwards, a hard stop will be encountered. By the term hard
stop, one of ordinary skill in the art will recognize that the actuators will hit a physical
end stop or barrier restricting the motion of the robot. A wide variety of problems
may result from hitting a hard stop. For instance, it may be possible to hit the hard
stop with enough force to physically damage the robotic figure. Furthermore, other
actuators that depend on the movements of the affected actuators may then also
malfunction. In essence, hitting a hard stop could potentially lead to a complete
malfunction of the animatronic figure 108. Clipping prevents a hard stop from being
reached, thereby reducing the potential of a malfunction. In one embodiment, a
clipping module determines if the difference between a second current position of the
animatronic figure 108 and a first current position of the animatronic figure 108 has

reached a positional clipping limit.

[0087] In another embodiment, the velocity of thé composite motion of the |
animatronic figure 108 can be clipped. In other words, the speed at which a body
part of the animatronic figure 108 is moving can be reduced to fall within a
predetermined limit. For example, in the sneezing example, the predetermined limit
can be set to one hundred degrees per second to assure that the sideways
movement of the head does not exceed a potentially dangerous speed. In addition, |
clipping prevents structural constraints from béing reached. For instance, a motor
has a limit on the velocity the motor can produce. |f the animatronic figure 108
attempts to reach or surpass this velocity limit, the motor may simply malfunction. In
another embodiment, the clipping module determines if a velocity clipping limit has

12
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been reached. In yet another embodiment, the clipping module determines if the
positional clipping limit and the velocity clipping limit has been reached.

[0088] In yet another embodiment, the acceleration of the animatronic figure 108
can be clipped. In other words, the change in the speed at which a body part is
moving can be reduced to fall within a predetermined limit. Since the required motor
torque is proportional to acceleration, this can be used to effectively limit the torque
required by the actuators as well as make motions that are smooth and life-like.
Clipping range of a joint’s motion by simply limiting the allowed range will cause the
joint to suddenly stop when it reaches the end of its range. This sudden stop may
cause an acceleration that exceeds the predetermined acceleration limit. When a
joint has clipping simultaneously for both position and acceleration it is necessary to
reduce the velocity in the direction of the position-clipping limit as the joint reaches
that position-clipping limit. This reduced velocity limit near the position limit ensures
théi the acceleration limit is respected when position clipping occurs. In yet another
embodiment, the clipping module determines if an acceleration clipping limit has
been reached. The clipping module can also determine any combination of position,

velocity, and/or acceleration being clipped.

[0089] In one embodiment, a reception module 102 receives operator input
commands for controlling the animatronic figure 108. In one embodiment, the
reception module 102 is a software program that receives user inputs from a
hardware device such as a joystick. The joystick sends control inputs for adjusting
the character's movements. The control inputs are, for example, analog and/or
digital signals for adjusting the character's puppeting motions. In another
embodiment, the reception module 102 is a software program that receives user
inputs from a hardware device such as a keyboard that sends control inputs, such as
analog and/or digital signals, to adjust the character's movements. In another
embodiment, an operator presses a button to provide control inputs. In another
embodiment, the operator turns a dial to provide control signals to the animatronic

figure. The control signals are input into the translation software module 104.

[0090] For example, an operator of an amusement park ride rotates a joystick to
control the head and the neck of the animatronic figure 108 for the viewing

enjoyment of park patrons. In another example, an operator of the animatronic

13
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figure 108 enters a keyboard command to move the legs of the animatronic figure
108, altering the direction of travel of the animatronic figure 108 from a forward
direction to a right turn to avoid a collision course with a park patron. The use of the
keyboard may be particularly helpful in a debugging environment for debugging the
animatronic figure 108. The user can debug the animatronic figure 108 by entering
commands to the keyboard one command at a time to analyze individual motions.
Similarly, the user can also provide a plurality of commands through the keyboard to

analyze the individual motions.

[0091] The translation software module 104 converts the fixed show instruction
associated with the fixed show selection into at least one physical movement
instruction. Further, the translation software module can also convert the puppetted
instruction into at least one physical movement instruction. First, the translation
software module 104 evaluates a fixed show instruction associated with the fixed
show selection. In one embodiment, a computer program is loaded from a memory

device.

[0092] In one embodiment, the reception module 102, the transiation software
module 104, and the motion software module are all stored on different computers.
In one embodiment, the reception module 102 does not need to be stored on a
computer. Rather, the reception module 102 can be a simple input device. |In
another embodiment, the reception module 102 and the translation software module
104 are stored on the same computer but a different computer than the computer on
which the motion software module 106 is stored. In yet another embodiment, the
reception module 102 and the motion software module 106 are stored on the same
computer but on a different computer than the computer on which the transiation
software module 104 is stored. In another embodiment, the translation software
module 104 and the motion software module 106 are stored on the same computer
but on a different computer than the computer on which the reception module 102 is
stored. One of ordinary skill in the art will also recognize that one computer software
module can perform the functions of all or some of these modules. For instance, one
software module can perform the functions of the reception module and the

translation software module.
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[0093] Figure 2 illustrates a process 200 that produces motion of the animatronic
figure 108. In a process block 210, the user provides a puppetted instruction to the
animatronic system 100 to perform a puppetted moverment. At a process block 220,
the user provides a fixed show selection associated with at least one fixed show
instruction to the animatronic system 100 to perform a fixed show movement. In one
example, the fixed show instruction includes a control signal for making the

animatronic figure growl.

[0094] In a process block 230, a combined instruction results from the combination
of the puppetted instruction and the fixed show instruction. In another embodiment,
a combined instruction results from the superimposition of the puppetted instruction
and the fixed show instruction. In a process block 240, the animatronic system 100
instructs the animatronic figure 108 to move according to the combined instruction.
In jjanother embodiment, a combined instruction results from multiplying the
puppetted instruction and the fixed show instruction. In another embodiment, a
combined instruction results from the modulation of the puppetted instruction by the

fixed show instruction.

[0095] For example, an operator provides, through keyboard input, a puppeited
instruction to raise the animatronic character's leg. In one embodiment, the
puppetted input is stored in a memory device within a computer. Afterwérds, the
operator presses a button operably connected to the animatronic character to
request a fixed show selection that is associated with at least one fixed show
instruction for the character fo growl. A processor within the computer superimposes
the instruction to raise the animatronic character's 108 leg with the instruction to
growl. The animatronic system 100 then causes the animatronic figure 108 to raise

its leg and to growl.

[0096] Figure 3A illustrates an algorithmic configuration 300, which determines
movements of the animatronic figure 108 according to an algorithm. In other words,
the animatronic system 100 analyzes a variety of conditions to determine if the
algorithm should be run and/or what motion should be produced. The condition can
be an environmental occurrence, a motion resulting from a puppetted instruction, or

a motion resulting from a fixed show selection. If one of the conditions is met, the
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algorithm performs a real time determination or modification of the motion that
should be produced by the animatronic figure 108.

[0097] In one embodiment, an algorithmic response module 308 determines
whether a condition has been met so that an algorithm can be run. In one
embodiment, the algorithmic response module accesses a database that stores a
condition and an algorithm to be run if the condition is met. In another embodiment,
the database can store a condition and an instruction to be performed if the condition
is met. In another embodiment, the algorithmic response moduie 308 determines
the direction of the resulting motion. In another embodiment, the algorithmic
response module 308 determines the magnitude of the resulting motion. In another
embodiment, the algorithmic response module 308 determines the duration of the
resulting motion. In another embodiment, the algorithmic response module 308
determines the sequence of motions to follow or how many times an individual

motion repeats.

[0098] In one embodiment, a clock 302 provides the time to the algorithmic
response module 308. One of the conditions can be that the animatronic figure 108
wags its tail at a particular time or at a particular frequency. For instance, an
algorithm can be run so that the animatronic figure 108 wags its tail at one o’clock
p.m. every day. The algorithmic response module 308 can receive the time from the
clock 302 and determine that the time condition for wagging the tail of the
animatronic figure 108 has been satisfied at one o'clock p.m. In another
embodiment, the tail can be set to wag at one Hertz. Thé algorithmic response
module 308 can receive the time from the clock and use that to determine the
current position based on the one Hertz wagging motion. The algorithmic response
module then provides an instruction and associated data to the motion software
module 106 for the animatronic figure 108 to wag its tail. In one embodiment, the
algorithmic response module 308 performs the calculations for position, velocity, and
acceleration and provides the data to the motion software module 106. In another
embodiment, the motion software module 106 performs the calculations for position,
velocity, and acceleration. In yet another embodiment, the aigorithmic response

module 308 is the same module as the motion software module 106.
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[0099] In another embodiment, an algorithm is provided that calculates a breathing
motion for the animatronic figure 108. In other words, a breathing noise can be
produced and the chest of the animatronic figure 108 can heave in and out. The
breathing motion can be based on the time input of the clock 302 to the animatronic

response module 308.

[00100] In another embodiment, a random number generator 304 provides an input
to the algorithmic response module 308. An algorithm can be set to receive random
numbers from the random number generator 304 to instruct the animatronic figure
108 to perform a motion at random times. For instance, the animatronic figure 108
can be instructed to blink at random times. The user of the random number
generator 304 provides a more life-like appearance to the movement of the
animatronic figure 108 as blinking is naturally a random movement. In another
enjpodiment, the random number generator 304 may provide a random amplitude for
a motion. In another embodiment, the random number generator 304 may provide a
random direction for a motion. In another embodiment, the random number
generator 304 may provide a random component of a motion. An example of a
random component would be a breathing motion that occurs at a randomly varying

frequency, amplitude, and offset.

[00101] In another embodiment, a sensor 306 provides data to the algorithmic
response module 308. In one embodiment, the data is environmental data. For
instance, the environmental data can include a detection of a body part of the
animatronic figure 108 moving too far in one direction towards an end stop. If the
animatronic figure 108 is about to sneeze, while the head and neck are turned and
therefore near the sideways end stop, the sneezing motion may cause the neck to
turn further and clipping of the motion occur. It is preferable in that case for the
sneeze to turn the head away from the end stop, which is toward the center of the
neck’s range of motion, so that clipping does not occur. In this example, the
direction and the magnitude of the head turn during the sneeze would be the

algorithmic response to the neck position sensor.

[00102] The sensed condition can be the occurrence of the motion of any body part
regardless of whether the motion results from a puppetted instruction or from a fixed

show selection. In one embodiment, a condition is established such that the motion
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of a first body part invokes an algorithm to produce a motion for a second body part
in the same vicinity. The algorithm calculates the second motion such that the first
motion and the second motion appear to provide a coordinated life-like movement.
For instance, the condition can be a downward motion of the head of the animatronic
figure 108. The algorithmic response module 308 can then calculate a motion, which
causes the animatronic figure 108 to lean forward and crouch slightly in a
coordinated manner with the motion of the head of the animatronic figure 108.

[00103] Figure 3B illustrates one embodiment of the algorithmic configuration 300 in
which the sensor 306 provides a sensed condition to the algorithmic response
module 308. In one embodiment, the sensor 306 receives the condition from the
animatronic figure 108. The sensor 306 provides the sensed condition to the
algorithmic response module 308, which then calculates a motion according to an
algorithm. The motion is then provided to the translation software module 104. In
addition, the reception module 102 receives an input from a user 101. The
translation software module 104 translates the user-inputted motion, combines this
with the algorithmically computed response, and produces at least one physical
movement instruction. The motion software module then instructs the animatronic
figure 108 to move according to the physical movement instruction. In one
embodiment, the motion software module 106 also performs the functions of the

translation software module 104.

[00104] In one embodiment, the translation software module 104 forms a composite
motion by combining the user-inputted motion with the algorithmically calculated
motion. The animatronic figure 108 performs the composite motion in a life-like
manner that coordinates both the user-inputted motion and the algorithmically

calculated motion.

[00105] Figure 3C illustrates another embodiment of the algorithmic configuration
300 in which reception module 102 receives the sensed condition from the sensor
306 and receives the user-inputted motion from the operator 101. The reception
module 102 determines the type of instruction that is receive and disfributes the
instruction to an appropriate module. For instance, when the reception module 102
receives a user-inputted instruction, the reception module 102 distributes the user-

inputted instruction to the translation software module 104. If the reception module
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102 receives a sensed condition, the reception module 102 provides the sensed
condition to the algorithmic response module 308. The algorithmic response module
computes at least one motion that is sent to the translation software module 104. In
one embodiment, the motion software module 106 also performs the functions of the
translation software module 104 and/or the algorithmic response module 308.

Therefore, the reception moduile 102 can send all the instructions to one module.

[00106] Figure 4 illustrates a process 400 that combines a user-inputted instruction
‘with an algorithmically determined instruction. At a process block 402, a
user-inputted instruction is received. In one embodiment, the user-inputted
instruction is received form the operator 101 at the reception module 102. A
stimulus is received at the sensor 306 at a process block 404. The stimulus can be
any one of the environmental conditions. At a process block 406, the stimulus is
prgvided as an input to an algorithm. In one embodiment, the stimulus is provided to
the' algorithmic response module 308. At a process block 408, the algorithm is
performed to determine algorithmic movement of the animatronic figure 108. In one
embodiment, the algorithmic response module 308 runs the algorithm to determine
the algorithmic movement. At a process block 410, the user-inputted motion is
combined with the algorithmically determined motion. In one embodiment, the
motion software module 106 performs this combination. The composite motion
resulting from the combination provides the animatronic figure 108 with a

coordinated life-like motion.

[00107] Figure 5 illustrates a filtering animatronic configuration 500 in which
movements produced by the animatronic figure 108 are filtered. In on embodiment,
the user 101 provides a user-inputted motion to the reception module 102. The
reception module 102 provides the user-inputted motion to a filter module 502. The
filter module 502 can receive motions or motion instructions that are not necessarily
user-inputted. The filter module 502 passes the filtered movement commands to the
motion software module 106, which produces physical movement commands for the
animatronic figure 108. One skilled in the art will recognize that in a simplified
embodiment the filter module 502 could connect directly to the animatronic figure
108.
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[00108] A motion of the animatronic figure 108 has an associated frequen'cy content.
Accordingly, a single figure motion of the animatronic figure 108 can have an
associated frequency content. If the motion of the animatronic figure 108 is changes
quickly, the at least a portion of the frequency content includes a high frequency. If
the motion of the animatronic figure 108 changes slowly, then at least a portion of

the frequency content includes a low frequency.

[00109] The filter module 502 filters the user-inputted motion according to one of a
variety of filters. For instance, the filter module 502 can filter the user-inputted
motion according to a low-pass filter, which blocks high frequency content and
passes the lower frequency content. The filter module 502 can also filter the user-
inputted motion according to a high-pass filter, which blocks low frequéncy content
and passes the higher frequency content. Further, the filter module 502 can filter the
user-inputted motion according to a band-pass filter, which passes a limited range of
frequencies.. The band-pass filter can be a combination of a low-pass filter and a
high-pass filter to only pass through certain low frequency content and certain high
frequency content. One of ordinary skill in the art will recognize that other filters can
be used by the filter module 502.

[00110] In essence, the filter module 502 filters motions to appear more life-like. For
instance, when the user 101 inputs an instruction to move the head of the
animatronic figu‘re 108 in a particular direction, the head may normaily move so as to
reflect both the gross low-frequency turning motion as well as any high frequency
jerking or stuttering motion the operator inadvertently added. The filter module 502
filters the motion of the head so that high frequency content is blocked and low
frequency content is passed through. Therefore, the head of the animatronic figure
108 will move in a relatively smooth motion. The head of the animatronic figure 108

can still move through the entire range of motion, but will do so more smoothly.

[00111] The filtering of the motions of the animatronic figure 108 produces motions
that are life-like. Real world motions produced by living creatures occur at different
frequencies than others. For instance, most living creatures move their eyes more

quickly than their heads.

[00112] Figure 6A illustrates a graph 600 of the filter for unfiltered motion of the head
of the animatronic figure 108. The unfiltered motion appears as a horizontal bar 602
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that has a constant amplitude at different portions of the frequency content. The
horizontal bar 602 represents the motion of the animatronic figure 108,
approximately tracking the input of the user 1010. For instance, if the user 101
moves a joystick quickly from left to right, the head of the animatronic figure 108 will

move at a movement close {o that of the joystick movement.

[00113] Figure 6B illustrates a graph 610 of the filter for filtered motion of the head of
the animatronic figure 108. The portion of the higher frequency content is filtered so
that only the lower frequency content passes through. A curvé 620 is produced from
filtering the horizontal bar 602. As illustrated in the graph 610, the curve 620 has the
amplitude in the lower frequency portion that the animatronic figure 108 would
produce if filtering did not take place at all. However, the amplitude decreases in the

higher frequency portions.

[0¢h14] Because of the low-pass filter, the head of the animatronic figure 108 moves
without any high frequency jerking or stuttering inadvertently provided by the user
101. The resulting motion provides a life-like motion like the head of a living

creature.

[00115] Figure 7 illustrates an animatronic filter configuration 700, which filters
user-inputted motions and algorithmically determined motions in a coordinated
manner to produce life-like motions for the animatronic figure 108. In one
embodiment, a filter module 502 receives a user-inputted instruction from the
reception module 102, which receives the user-inputted instruction from the user
101. The algorithmic response module 308 receives a condition from the clock 302,
the random number generator 304, and/or the sensor 306. The algorithmic response
module 308 utilizes the condition to algorithmically calculate an algorithmically
determined motion. Further, the algorithmic response module 308 provides the

algorithmically determined motion to the filter moduie 502.

[00116] The filter module 502 applies a first filter to the user-inputted motion and
applies a second filter to the algorithmically-determined motion in an attempt to
coordinate movements of the animatronic figure 108. For instance, a living creature
would likely move its eyes in a direction that its head is going to move prior to the
head’s movement, referred to as an anticipation motion. The filter module 502 can

apply a band-pass filter or a high pass filter {o the eyes of the animatronic figure 108
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to produce this quick anticipatory motion of the eyes. Further, the filter module 502
can apply a low pass filter to the head to produce a relatively slow smooth motion of
the head. The filter module 502 then provides the filtered motion of the eyes and the
filtered motion of the head to the motion software module 106. The motion software
module 106 instructs the animatronic figure 108 to produce the filtered motions.

[00117] Figure 8A illustrates a graph 800 depicting the filters for the different
motions of the animatronic figure 108. A curve 802 represents the filter for the
motion of the eyes of the animatronic figure 108. In one embodiment, the filter
module 502 applies a band-pass filter to the motion of the eyes of the animatronic
figure 108. As can be seen from the curve 802, a portion of high frequency content
and a portion of low frequency content are blocked. As a result, the remaining mid-

frequency content is passed through.

[00118] Further, the curve 804 is illustrated to represent of the low-pass filter for the
head of the animatronic figure 108. In one embodiment, a low-pass filter is applied
to the motion of the head of the animatronic figure 108. The low-pass filter blocks
the high frequency content and pass through the fow frequency content. Therefore,
the head of the animatronic figure 108 moves in a relatively slow smooth motion
compared with the eyes of the animatronic figure 108. As a result, the eyes move
first in the direction that the head is about to move to produce a coordinated life-like

motion in the animatronic figure 108.

[00119] In addition, a filter is applied to the motion of the middie portion of the neck
of the animatronic figure 108. In one embodiment, the filter is a slightly lower low-
pass filter. A curve 806 represents the low-pass filter of the middle portion of the
neck. The low-pass filter blocks out a greater portion of the high frequency content
on the middle portion of the neck than is blocked out on the head. Accordingly, the
head moves a little before and a little more quickly than the middle portion of the

neck to coordinate the head and neck motion in a life-like manner.

[00120] A filter is also applied to the motion of the base of the neck of the
animatronic figure 108. In one embodiment, the filter is an even slightly lower low-
pass filter. A curve 808 represents the low-pass filter of the base of the neck. The
low-pass filter blocks out a greater portion of the high frequency content on the base
of the neck than is blocked out on the middle portion of the neck. Accordingly, the
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middie portion of the neck moves a little before and a little more quickly than the

base of the neck to coordinate the head and neck in a life-like manner.

[00121] Figure 8B illustrates a graph 820 that represents the resulting rotational
motion of the body parts of the animatronic figure 108 that were filtered by the filter
module 502 using the filters shown in Figure 8A. The step input 822 représents an
idealized extreme unfiltered motion that is inputted by the user 101. A curve 824
represents the filtered eye motion. Further, a curve 826 represents the filtered head
motion, a curve 828 represents the filtered mid-neck motion, and a curve 830
represents the base of the neck motion. The curve 824 has a very quick jump in
rotation because the eyes quickly move in the direction that the other body parts will |
eventually move. Accordingly, the head, mid-neck, and base of the neck move more

slowly.

[0@122] Figure 9A illustrates a process 900 for filtering motions of the animatronic
figure 108 based on a user-inputted command and a command determined by the
occurrence of the user-inputted command. At a process block 902, a first command
is received from an operator 101. At a process block 902, a second command is
determined based on the occurrence of the first cdmmand being received. In one
embodiment, the algorithmic response module 308 algorithmically determines a
movement based upon the occurrence of a condition. For instance, the algorithmic
response module 308 can provide a command for the animatronic figure 108 to
move the eyes of the animatronic figure 108 upon the occurrence of the user 101
providing a command to move the head of the animatronic figure 108. In one
embodiment, the eyes move in the direction of the user-inputted motion.

[00123] At a process block 906, a first movement and a second movement are
determined. The movements are determined from the respective commands. In one
embodiment, the translation software module 104 transiates the commands into the

movements.

[00124] At a process block 908, the first movement and the second movement are
filtered to produce a coordinated life-like motion. Accordingly, at a process block

910, the first and second movements are provided to the animatronic figure 108.
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[00125] Figure 9B illustrates a process 920 for filtering motions of the énimatronic
figure 108 based on a user-inputted command a command that is determined from a
stimulus. At a process block 922, a first command is received from an operator 101.
Accordingly, a stimulus is received from the sensor 306 at the process block 924. At
a process block 926, a second command is determined based on receiving a
stimulus. In one embodiment, the algorithmic response module 308 algorithmically
determines a movement based upon the occurrence of stimulus. For instance, the
algorithmic response module 308 can provide a command for the animatronic to

move its chest in.a breathing motion according to a time on the clock 302.

[00126] At a process block 928, a first movement and a second movement are
determined. The movements are determined from the respective commands. In one
embodiment, the translation software module 104 translates the commands into the

movements.

[00127] At a process block 932, the first movement and the second movement are
filtered to produce a coordinated life-like motion. Accordingly, at a process block

910, the first and second movements are provided fo the animatronic figure 108.

[00128] In one embodiment, a real~timé evaluated scripting language is used to
describe show elements. Show elements are theatric elements that can range from
small motions and gestures up to complex interactive motions such as walking.
These show elements contain sets of motions for the animatronic figure 108 as well
as audio and other computer controlled events such as lighting and video. Show
elements are typically built up, using the scripting language, by combining simpler

component show elements to produce complex life-like motions.

[00129] In one embodiment, the scripting language and its execution environment
are specialized for physical animation and run in a strictly real-time framework. The
specialization for physical animation makes common animation tasks simple and
efficient. The real-time framework assures that the resulting motions do not stutter

or pause, maintaining consistent control and safety.

[00130] Smooth motion is helpful for physically realized animation. The underlying
system maintains an explicit understanding of the component, composite, and
transformed motion allowing automatic generation of smooth trajectories. In one
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embodiment, an approach to keyframe animation is used that is both simple to use
and maintains C? continuity. By C? continuity, it is meant that the trajectory and its
first two derivatives are continuous. Not only does this assure that the animatronic
figure 108 does not attempt to jump discontinuously from one location to another, but -
that the velocities and accelerations are bounded and smooth. The velocities and
accelerations being bounded and smooth eventually leads to the motor torques also
being bounded and smooth. Maintaining this information allows component motions
to be projected through certain generalized transforms, making it possible to create

smooth trajectories simultaneously described in a combination of transform spaces.

[00131] Figure 10 illustrates a layered system 1000 of software modules. In one
embodiment, the layered system 1000 controls the animatronic figure 108. An
operator interface 1002 allows the operator 101 to control the system. Further, a
tre{}pctory planner 1004 decides the path that the motors of the animatronic figure
108 should take. In addition, a servo loop 1006 directs the motors other actuators to
perform the desired motions. The servo loop 1006 also monitors the motors and
other actuators to make sure that the motors and other actuators are performing
within specified limits. A plurality of fow-level hardware drivers 1008 communicated

v

directly with hardware 1010 of the animatronic figure 108.

[00132] Figure 11 illustrates a detailed view of the trajectory planner 1004. The
trajectory planner 1004 plans and implements motions of the animatronic figure 108.
The script elements mentioned above are implemented by directing the actuators of
the animatronic figure 108 to follow specific trajectories. These trajectories are not
necessarily fixed or pre-determined, but typically, change based on external inputs
and operator control. This allows spontaneous interaction with guests, responses to
the environment, and triggered script elements. In one embodiment, continuously

evolving trajectories are produced in a timely manner and are smooth.

[00133] In one embodiment, trajectories are implemented as computing objects,
effectively computer programs, which are evaluated on a precise real-time clock.
They are created, installed, and then run until the resuiting motion completes or is
stopped. While a trajectory is running, it is continually being evaluated to determine

animatronic figure’s next target positions.
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[00134] Trajectories are evaluated on a strictly periodic cycle. It is not acceptable
for the evaluation to pause or not return a value in its allotted time. Such a pause
would be indistinguishable from a system failure, and not returning a value after the
allotted time would result in motion that is not smooth. Therefore, elements of the
computation that could cause the calculation to falter are necessarily moved

elsewhere.

[00135] Evaluated languages achieve their dynamic behavior by acquiring and
releasing resources as they are needed to perform a calculation. The most common
resource is computer memory, but also includes hardware and other devices.
Acquiring resources can take an undetermined amount of time. Thus, the standard
approach used by scripting languages to perform calculations cannot assure timely

results and is therefore not acceptable here.

[00136] The trajectory planner 1004 has a trajéctory following and execution module
1102. Accordingly, the trajectory following and execution module 1102 handles the
real-time task of evaluating trajectories and determining target positions. The
trajectory following and execution module 1102 periodically wakes up, evaluates the

active trajectories, and returns target positions.

[00137] In addition, the trajectory planner 1004 has a trajectory creation and
management module 1104. Accordingly, the trajectory creation and management
module 1104 handles all the non-real time needs, particularly the creation of
trajectory objects and managing of resources. When a trajectory completes, it and
all its resources are handed back to the manager to be cleaned up, that is memory
and devices are freed back to the computer to be used elsewhere. This approach of
having a non real-time management thread, cooperating program that shares and
manages a common memory space, is different and more powerful than typically

used elsewhere for resource management.

[00138] Trajectory objects can be atomic or composite. An atomic trajectory is
capable of computing targets position independent of other trajectories. In one
embodiment, the atomic trajectory uses time or external inputs. A composite
trajectory computes its target positions based on the outputs of component

trajectories.
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[00139] Figure 12 shows an example of a simple composite trajectory. The atomic
sine wave 1202 and envelope trajectories 1204 are multiplied and then the atomic
joystick input 1206 is filtered and then added in. This composite trajectory object

outputs its result as a single value, the next target position.

[00140] The trajectory objects in this embodiment provide a generalized comNpuAting
environment. The example in Figure 12 shows the use of math operators such as
multiply 1208 and sum 1212, basic functions such as the atomic sine wave 1202,

keyframed data such as the envelope trajectories 1204, and a filter 1210.

[00141] in addition, other trajectories can sequence, composite, and transition
trajectories, perform logical operators, and handle starting, stopping, and interrupting
trajectories. Trajectories can produce multiple outputs, be transformed, loop, and be
tested. Finally, trajectories can define an internal computational environment where

intérnal variables, functions, and trajectories can be defined.

[00142] Keyframes based curves are a common and important tool for animation,
computer aided design, and elsewhere. Standard approaches used for keyframe
animation are powerful and simple to use but lack the high degree of mathematical
smoothness required by physical animation, that is the life-like motion of an
animatronic figure or robot. In one embodiment, an atomic keyframe trajectory that
is used is C? continuous. By the term C? continuous, it is meant that the positions as
well as the first two derivatives, the velocity and acceleration, are continuous and

smooth.

[00143] In one embodiment, smooth keyframe based curves are implemented.
Accordingly, the curve is C? continuous. Further, data is interpolated, i.e. the curve
passes through, not just approximates, all specified data. In addition, keyframes
may be non-uniformly spaced. In other words, the time between adjacent pairs of
keyframes may be different. Individual keyframes may contain position data alone,
position and velocity data, or position, velocity, and acceleration data, all of which is
interpolated. Different kinds of keyframes, such as position, position/velocity, or

position/velocity/acceleration, may be arbitrarily mixed.

[00144] Standard approaches to keyframe animation often use Bézier curves or the

generalized class of Hermite splines, both of which in their standard form are only c’
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continuous. Higher order Bézier and Hermite splines exist but are not well suited to
simple curve editing. The most common Hermite spline for curve editing is the
Catmull-Rom method that uses adjacent points to compute the additional needed
constraints, i.e., the velocities, at each point. Additional controls can also be added,
probably the most common example being Kochanek-Bartels splines, as seen in
AUTODESK's 3D-STUDIO MAX and NEWTEK's LIGHTWAVE.

[00145] Figure 13 illustrates a curve 1300 described by a plurality of keyframes. In
one embodiment, the curve is described by a set of N keyframes i1, k2, ..xn. Each
keyframe k; contains a time and a position {t;, x;}, and may optionally also contain a
velocity {ti, x;, vi}, or a velocity and an acceleration {t;, x;, vi, a}. For any keyframe that
does not have a velocity specified, the keyframe is computed in the following
manner. |f it is the first or the last keyframe (k4 or ky), the unspecified velocity is set
to zero, v; = 0. Otherwise, the velocity is computed using the position of the adjacent
keyframes in a manner similar to what is used in Catmull-Rom. Catmull-Rom
computes velocity by simply drawing a line through the neighboring points:

Xj+1 = Xj-1

i
tieq — bt

as illustrated in Figure 13. Catmull-Rom can perform poorly if the times between
keyframes are not fairly equal, sometime requiring curves with high accelerations.

[00146] Figure 14 illustrates another embodiment in which a curve 1400 described
by a plurality of keyframes. A weighted average of two adjacent velocities is

implemented. The following equations describe this weighted average:

where '
Vp dig + vg dia
Vi=
dia + dip
dtB = ti+1 - ti
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Xi—~ Xi-1
vpa= ——————
ti~tiq
Xi+1 — Xi
VB = —
ti1—t

[00147] The value for v; reduces to the Catmull-Rom value when dis = dts. For any
keyframe that does not have an acceleration specified, the following computation is
performed. If it is the first or last keyframe (ks or kn), the unspecified acceleration is
set to zero, a; = 0. If the acceleration of a remaining keyframe is unspecified,
compute it by averaging the accelerations of the curve to the left of the keyframe and
the curve to the right of the keyframe, such that those curves interpolate whatever

dalta does exist. The equation

aa t+ ap

2

a =

represents this computation. The component accelerations aa and ag are computed
in the following manner. If the previous keyframe k.1 has a specified acceleration or
is the first keyframe (so a;.1 = a; = 0), then solve the fourth-order polynomial fa(t) = ao
+a1t+ax 2 + a3 £ + a4 t* such that it passes through {ti.1, Xi.1, Vi1, @i} and {t;, x;, vi}

and then compute the resulting acceleration at t;.

12(Xi_1 - Xi) + th(ﬁ(Vi_1 + Vi) + dia am)
dta?

aa = fA”(ti) =

Else, the previous keyframe ki1 does not have a specified acceleration and is not the
first keyframe. Solve the third-order polynomial fo(t) = ap + a; t + az t? + a3 t3 such
that it passes through {t.1, X1, Via} and {t, x, v} and then compute the resulting

acceleration at t;:

6(x.1—X; ) + 2 dta (Vi1 -2 vy)

thz
If the subsequent keyframe ki+1 has a specified acceleration or is the last keyframe

ap =fa"(t) =

(s0 a1 = ay = 0), then solve the fourth-order polynomial fo(t) = bo + by t + by t* + bs t°
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+ by t* such that it passes through {t;, x;, vi} and {ti+1, Xi+1, Vi+1, @+¢} and then compute
the resulting acceleration at t;: '
12(Xi+1— X; ) + dtg(-6(Visq + Vi) + dig @js1)
dtg?

ap = fa"(t) =

Else, the subsequent keyframe ki+1 does not have a specified acceleration and is not
the last keyframe. Solve the third-order polynomial fi(t) = bo + by t + by t* + bs t* such
that it passes through {ti, x;, vi} and {t+1, X1, Vi+1} and then compute the resulting
acceleration at t;;
6(Xi+1— X ) - 2 dtg (Vis1 + 2 )
dta?

ag =fz"(t) =

[00148] At this point, each keyframe has a position, velocity, and acceleration, either
from being specified or from being computed based on the values of adjacent
keyframes. These fully populated keyframes {t;, x;, vi, a;} are now used to compute

the resulting curve.

[00149] Figure 15 illustrates a graph 1500 with a sequence of keyframes. All four of
the keyframes specify position only, but the first and last default to having zero
velocity and acceleration. Between pairs of keyframes ki: and ki« the curve is
defined to be the value of the fifth-order polynomial f(t) = co + ¢4 T+ C2 T2 + C3 T° + C4
7 + c5 ° that passes through {ti, Xi, Vi, ai} and {ti+1, Xis1, Vi1, i1}, Where
t=t-
dt = tieg - 1
a0 = Xi
a{= v

as = gj
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20 (Xis1— X)) — dt (8 Vi + 12 Vi) + dt? (ajs1 — 3 @)

C3 =
2 dt®
30 (Xi—Xi+1) + dt (16 v + 14 Vi+1) + dtz (3 ai~2 am)
Cq4 =
2 dt*
12 (Xir1— X) - 6 dt (Vier + Vi) + dt® (@1 — a)
Cs =

2 dt°
[00150] Figure 16A illustrates another graph 1600 with an interpolation of data. The
graph 1600 shows the standard Catmull-Rom keyframe spline as well as the smooth

keyframe, both with and without the acceleration smoothing.

[0GM51] Figure 16B shows the corresponding velocities of the graph 1610. Figure
16C shows the corresponding accelerations of the graph 1620. Further, there are
discontinuities in acceleration of the Catmull-Rom spline at the keyframe points at
timest=1andt=2.

[00152] An added benefit of this approach is that the acceleration averaging typically
reduces the maximum acceleration, and thereby eventual torque required by the

robot to realize the motion.

[00153] Not only should atomic and composite trajectory objects produée smooth
motions, but transitions between curves, curves that are interrupted, and curves that
start from unanticipated positions must do so as well. This is done by computing and
passing software objects, called PVA objects (for position, velocity, and acceleration)
that describe the trajectory’s current motion. Trajectory objects use PVAs to initialize
their motion and return them when they stop or are interrupted. Additionally, it was
found that PVA objects can be used to produce trajectories that combine motions in

different transform or description spaces.

[00154] Transitions between smooth component trajectories are achieved using
cross fades, where the fade is itself a C? continuous curve. Any C? continuous

s-shaped curve could be used, here this was done with the 5 order polynomial

f(x)=3t (10 +t (6 t— 15))
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where the scaled time tis in 0 <t < 1. If the two trajectories T1 and T, as well as the

transition function f(t) are C? continuous, then their linear combination
flat) T4 + (1-f(at)) T2
where q is a constant scaling factor for time, is also C? continuous.

Cross fades can be used for any trajectory. It is often useful to transition an internal
or transformed trajectory. This causes a smooth transition from one complex motion

to a different complex motion in an often unintuitive but powerful way.

[00155] As an example, consider a tail wag that involves a sinusoidal motion. When
the animatronic figure is happy the tail might want to wave more quickly than when
sad. In this example the frequency of the wag motion would smoothly transition from
some lower value to some higher value. In actuality a fixed sinusoidal pattern can
appear to perfect, too mechanical, to be life-like. A more life-like solution is to
smoothly transition from a low frequency slowly-varying pseudo-random pattern to a

high frequency slowly-varying pseudo-random pattern.

[00156] Some trajectories, most notably keyframe trajectories, are able to start from
an arbitrary initial position or motion. All trajectory objects are initialized during
execution before being evaluated for the first time. This initialization sets a number
of parametefs such as the start time and the start PVA. Keyframe trajectories, if they
have been specified to do so, can use this start PVA as their initial keyframe, a
subsequent keyframe in the curve, or as a computational component used by that
trajectory object. Thus, trajectories that start with a non-predetermined motion can

still compute and follow a smooth trajectory.

[00157] While the eventual task of a control system is to move the robot's motors, it
is often easier to describe motions in a transformation space. For a walking
animatronic figure the conceptually simple task of moving the body horizontally,
vertically, or rotationally typically requires moving all of the motors in all of the legs in
a coordinated fashion. Producing combinations of these conceptually simple body
motions quickly becomes impractically difficult if each joint’s trajectories has to be
described directly. Instead, it is convenient to be able to describe motions in a more
intuitive transformation space. In the walking example, motions would be described

in terms of the body and the system would compute the motions of the leg motors
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needed to create that motion. The transformation in this example is between body

motion and leg motor motions.

[00158] By combining transformations with composite trajectories and PVAs,
additional capabilities were realized in this preferred embodiment. A particularly
powerful capability was the ability to project motion from one transform space into
another. As an example, consider an animatronic figure which picks up a trumpet
and plays it, all the while moving its head and body. The position of the animatronic
figure’s hands while picking up the trumpet would most easily be described in terms
of the stationary coordinate system of the table. Playing the trumpet while the
animatronic figure moved would most easily be done in terms of the figure’s lips.
Transitioning smoothly from one transform space to the other, as well as allowing
motions described in one space to be modified or combined in another, is was
achieved by projecting a motion described in one transform space down into joint
mations and then projecting those joint motions backwards into the other transform

space where it could be modified or combined with other motion components.

[00159] Another example is the movement of an animatronic dinosaur, which
involves feet positions during walking. While a foot is on the ground, its position is
described in terms of ground coordinates, in particular, a foot on the ground should
not move or slide along the ground. While a foot is swinging forward in the air during
a step, it is described in terms of the body’s position. By allowing smooth transitions
between these two descriptions or transform spaces it was possible in the scripting
language to ask a foot to be lifted smoothly off the ground, swung forward to a
prescribed stride position, and set smoothly back onto the ground without having to
worry about the component motions that were necessary to make the foot leave and

touch the ground smoothly.

[00160] The ability to describe and rapidly try out trajectories provides much of the
power and flexibility. The scripting language allows trajectory objects to be
described at a high level and then have the computer manage them. The computer
is also able to perform some optimizations on the scripts as they are read in, or
parsed. These optimizations result in smaller trajectory objects that evaluate more

efficiently.
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[00161] The scripting language used in the preferred embodiment is a’text-based
language that allows trajectories to be defined and manipulated. As a way of
explanation, scripts for the trajectories illustrated previously will be shown. The
syntax is reminiscent of the computer language C++.

[00162] Figure 17 is an example script for the simple four point keyframe trajectory
shown in Figure 15 used to describe smooth keyframes. - In this case, the trajectory
is just a list of the keyframe positions interspersed with the time between pairs of
keyframes. The text to the right of the // are comments ignored by the computer.

The resulting trajectory will run for three seconds.

[00163] Figure 18 illustrates an example script for the composite trajectory shown in
Figure 12. A value “joystick” and a trajectory “envelope” are first defined that are
then used as components in the final composite trajectory. Further, the second

keyframe in the trajectory envelope contains both a position and a velocity term.

[00164] The animatronic system 100 is intended to cover any system that deals with
an unconstrained environment where the operator 101 can come in and either
modify or completely replace some or all of the behavior and then potentially hand
control back possibly even at a new point. The animatronic system 100 provides the
ability to mix and to switch between canned (pre-recorded), computed (typically
sensor responses, but also planned), and live (operator controlled) motion to
produce a seamless amalgam. Accordingly, the animatronic system 100 can be
applied to a variety of different configurations. For instance, the animatronic figure
108 can be a surgical robot where a doctor supervises and takes over if the surgical
robot overlooks something or otherwise goes astray. If the doctor takes control, the
resulting motion appears fluid. If the doctor’s intervention was not coordinated with
the surgical robot’s control of the movements, then a resulting motion may be

produced in the transition that may be harmful to the patient.

[00165] In addition, the animatronic figure 108 can be a transportation vehicle, such
as an automobile, airplane, space shuttle, or train. An automatic pilot feature in the
transportation vehicle can allow an operator to override the automatic pilot with a
fluid transition motion that ensures the safety of the vehicle and its passengers. The

animatronic system 100 can also handle neglected inputs or mistakes.
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[00166] Further, the animatronic figure 108 can also be a household robot where an
owner can redirect the household’s robot to different tasks. For example, the owner
can redirect the robot to greet guests as opposed to performing a chore. Once

again, the transition motion can appear to be life-like.

[00167] The animatronic figure 108 can also be a hazardous waste cleanup robot
used to clean chemical, nuclear, or biological waste, spills or weapons fallout. For
example, the user may direct the hazardous waste robot as to which element of
waste material is to be placed in a sealed container, but allow the robot to finish the
task on its own. The transition of movement between user and robot control is
sufficiently smooth to prevent the robot from dropping or otherwise mishandling

dangerous waste materials.

[00168] The animatronic figure 108 can be also be a bomb disposal robot. For
example, the user may wish to directly control/guide particular movements of the
robot while performing a particularly sensitive defusal operation, but allow the robot
to finish disposing of the bomb without user guidance. Again, the transition of
movement between user and robot control is smooth to prevent accidental and/or

unintentional motions that might disrupt sensitive and possibly dangerous tasks.

[00169] While the above description contains. many specifics, these should not be
construed as limitations on the scope of the invention, but rather as an
exemplification of preferfred embodiments thereof. The invention includes any
combination or subcombination of the elements from the different species and/or
embodiments disclosed herein. One skilled in the art will recognize that these
features, and thus the scope of the present invention, should be interpreted in light of

the following claims and any equivalents thereto.
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We claim:

1. An animatronic system comprising:

a reception module that receives a fixed show selection input and a
puppetted input from an operator, wherein the fixed show selection input is
associated with at least one fixed show instruction, wherein the puppetted input
provides a puppetted instruction;

an animatronic figure;

a translation software module that translates the at least one fixed
show instruction associated with the fixed show selection input into at least one fixed
show physical movement instruction and translates the received puppetted
instruction into at least one puppetted physical movement instruction; and

a motion software module that receives the at least one fixed show
physical movement instruction, receives the at least one puppetted physical
movement instruction, and calculates a composite animated instruction from the at
least one fixed show physical movement instruction and the at least one puppetted
physical movement instruction so that at least one actuator can effectuate at least

one component of the animatronic figure in a life-like manner.

2. The animatronic system of claim 1, further comprising an audio
software module that provides an instruction to an audio device to output an audio
signal when the motion of the at least one component of the animatronic figure is

effectuated.

3. The animatronic system of claim 1, further comprising an automatic
fixed show software module that automatically provides the fixed show selection

input to the reception module at a predetermined time.

4. The animatronic system of claim 3, wherein the predetermined time
coincides with a time that the operator provides the puppetted input.

5. The animatronic system of claim 1, further comprising a button that the

operator presses to provide the fixed show selection input.
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6. The animatronic system of claim 1, further comprising a sensor
operably connected to the animatronic figure that determines the occurrence of an

event.

7. The animatronic system of claim 6, wherein the occurrence of the

event triggers the fixed show selection input to be inputted to the reception module.

8. The animatronic system of claim 1, further comprising a dial that the

operator turns to provide the fixed show selection input to the reception module.

9. | A method that produces motion of an animatronic figure, the method

comprising:

providing a puppetting instruction to the animatronic figure to perform a
pqppetting movement;

providing a fixed show selection associated with at least one fixed
show instruction to the animatronic figure to perform a fixed show movement;

combining the puppetting instruction with the at least one fixed show
instruction to form a combined instruction; and

instructing the animatronic figure to perform the combined instruction.

10. The method of claim 9, wherein the fixed show selection is provided by

the user.

11.  The method of claim 9, wherein the instructing the animatronic figure to
perform the combined instruction results in a composite movement of the puppetted

movement and the fixed show movement.

12. The method of claim 11, wherein the puppetted movement is to be
performed by the same component of the animatronic figure as the fixed show

movement.

13.  The method of claim 11, wherein the puppetted movement is to be
performed by a different component of the animatronic figure than the fixed show

movement.

14.  An animatronic system comprising:
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an animatronic figure;

a reception module that receives a first command and a second
command from an operator, wherein the reception module is operably connected to
the animatronic figure, wherein the reception module comhunicates with the
animatronic figure, wherein the animatronic figure makes a first movement according
to the first command, wherein the animatronic figure makes a second movement
according to the second command; and

a filter module that filters the first command through a first filter and
filters the second command through a second filter to coordinate a first movement of
the animatronic figure resulting from the first command with a second movement of
the animatronic figure resulting from the second command so that the motion of the

animatronic figure provides a life-like appearance.

15.  The animatronic system of claim 14, wherein the first command is a

puppetted instruction.

16.  The animatronic system of claim 14, wherein the second command is a

fixed show selection that is associated with at least one fixed show instruction.

17.  The animatronic system of claim 14, wherein the first filter is a low pass

filter.

18.  The animatronic system of claim 14, wherein the second filter is a high
pass filter.

19.  The animatronic system of claim 14, wherein the second filter is a band
pass filter.

20. The animatronic system of claim 14, wherein the first filter and the
second filter are positioned on different components of the same body part of the

animatronic figure.

21. The animatronic system of claim 14, wherein the first filter and the

second filter are positioned on different body parts of the animatronic figure.

22.  An animatronic figure comprising:
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aleg;

a leg actuator that is operably connected to the leg, wherein the leg
actuator effectuates movement of the leg;

a wheel;

a wheel actuator that is operably connected to the wheel, wherein the
wheel actuator effectuates movement of the wheel; and

a processor that determines a leg motion and a wheel motion to
effectuate movement of the animatronic figure, wherein the processor sends the leg
motion to the leg actuator, wherein the processor sends the wheel motion to the

wheel actuator.

23. The animatronic figure of claim 22, further comprising a position sensor

that determines a first current position of the animatronic figure.

24. The animatronic figure of claim 23, further comprising an incremental
sensor that measures a second current relative position of the animatronic figure by

incrementing the distance traveled from an initial position of the animatronic figure.

25. The animatronic figure of claim 24, further comprising a clipping
module that determines if the difference between the second current position of the
animatronic figure and the first current position of the animatronic figure has reached

a positional clipping limit.

26. The animatronic figure of claim 25, wherein the clipping module
determines if the velocity of the animatronic figure in moving from the first current
position to the second current position has reached a velocity-clipping limit in
addition to reaching the positional clipping limit.

27. The animatronic figure of claim 24, further comprising a clipping
module that determines if the velocity of the animatronic figure in moving from the

first current position to the second current position has reached a clipping limit.

28. The animatronic figure of claim 24, further comprising a clipping
module that determines if the acceleration of the animatronic figure in moving from

the first current position to the second current position has reached a clipping limit,
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separately or in conjunction with a position clipping limit as stated in claim 25 and/or

with a velocity clipping limit as stated in claim 26.

29. The animatronic figure of claim 22, wherein the clipping module

shortens a trajectory of the animatronic figure if the clipping limit has been reached.

30. The animatronic figure of claim 22, wherein the clipping module

reduces a velocity of the animatronic figure if the clipping limit has been reached.

31. The animatronic figure of claim 22, wherein the clipping module
reduces an acceleration of the animatronic figure if the clipping limit has been

reached.

32. A method that produces motion of an animatronic figure, the method
coppprising:
providing a puppetted instruction to the animatronic figure to perform a
puppetted movement;
providing a fixed show selection command to the animatronic figure to
perform at least one fixed show movement associated with the fixed show selection;
combining the puppetted movement and the fixed show movement into
a composite movement; and
‘ instructing the animatronic figure to perform the composite movement.

33. The method of claim 32, wherein the fixed show selection is provided

by the user.

34. The method of claim 32, wherein the combining the puppetted
movement and the at least one fixed show movement is a composite of the

puppetted movement and the fixed show movement.

35. The method of claim 34, wherein the puppetted movement is on the

same component of the animatronic figure as the fixed show movement.

36. The method of claim 35, wherein the puppetied movement is on a
different component of the animatronic figure than the fixed show movement.
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37. The method of claim 34, further comprising a pre-determined limit that

reduces the composite of the puppetted movement and the fixed show movement.

38.  An animatronic system comprising:

an animatronic figure;

a reception module that receives a first command from an operator,
wherein the reception module is ‘operably connected to the animatronic figure,
wherein the reception module communicates with the animatronic figure, wherein the
first command is used by the animatronic system as part of a calculation to
determine a first movement; and .

an algorithmic response module that provides a second command to
the animatronic figure based on the occurrence of the first command being provided
to the animatronic figure, wherein the algorithmic response’ module receives the first
command from the reception module, wherein the animatronic figure makes a

second movement according to the second command.

39. The animatronic system of claim 38, wherein the first command is a

puppetted instruction.

40. The animatronic system of claim 38, wherein the second command is a

fixed show selection input associated with at least one fixed show instruction.

41.  The animatronic system of claim 38 wherein the second command is
an animatronic fixed show instruction that is based on the occurrence of a sensor

operably connected to the animatronic figure detecting a stimulus.

42.  The animatronic system of claim 38, further comprising a filter module
that filters the first movement through a first filter and filters the second movement
through a second filter to coordinate the first movement with the second movement

so that the motion of the animatronic figure provides a life-like appearance.

43. A robotic system comprising:
a reception module that receives a fixed show selection input and a

puppetted input from an operator, wherein the fixed show selection input is
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associated with at least one fixed show instruction, wherein the puppetted input
provides a puppetted instruction;

a robotic figure;

a translation software module that translates the at least one fixed
show instruction associated with the fixed show selection input into at least one fixed
show physical movement instruction and translates the received puppetted
instruction into at least one puppetted physical movement instruction; and

a motion software module that receives the at least one fixed show
physical movement instruction, receives the at least one puppetted physical
movement instruction, and calculates a composite animated instruction from the at
least one fixed show physical movement instruction and the at least one puppetted
physical movement instruction so that at least one actuator can effectuate at least

ong component of the robotic figure in a life-like manner.

44. The robotic system of claim 43, further comprising an audio software
module that provides an instruction to an audio device to output an audio signal

when the motion of the at least one component of the robotic figure is effectuated.

45, The robotic system of claim 43, further comprising an automatic fixed
show software module that automatically provides the fixed show selection input to

the reception module at a predetermined time.

46. The robotic system of claim 45, wherein the predetermined time

coincides with a time that the operator provides the puppetted input.

47. The robotic system of claim 45, further comprising a button that the
operator presses to provide the fixed show selection input.

48. The robotic system of claim 45, further comprising a sensor operably

connected to the robotic figure that determines the occurrence of an event.

49. The robotic system of claim 48, wherein the occurrence of the event

triggers the fixed show selection input to be inputted to the reception module.

50. The robotic system of claim 43, further comprising a dial that the

operator turns to provide the fixed show selection input to the reception module.
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Keyframe((0), // Start at position 0
1, // 1 second between keyframes
(10), // Second position is at 10
1, // 1 second betwaen keyframes
(-10), // Third position is at -10
1, // 1 second betwaen keyframes
(0)), // Pinal position at 0

FIGURE 17
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// Dafine a variable that reads in a raw value
// Variables for acceasing raw inputs are pre-defined
// such as the valus Encoder 14 used here

/.
float joyatick = Encoder 1l4)

/.
} // Define the envelope trajectory

|
i‘l‘ Traj envelope {

return
Key£xrane ((0), // start at zero
: s, // move over 5 seconds
(1, 0), // position-= 1, velocity = 0
5, // move over 5 seconds
(0))s // end at zero

}

//
/;’ Dafine a resulting composite trajectory
/

Traj resulting composite_trajectory {
return

//
ﬁ ¥Multiply a sine wave by an eavelopa

Sine(1, // 8ine’'s frequency in Hx
10, // 8ine‘'s amplitude
0) // 8ine's phase in radians
*
envelopa // This trajectory was definad above
)
//
;; Add in a ﬂ.lt-:-d version of the joystick
+ LowPass (0.2, // Filter's cutoff frequency in Hxz
) joystick); // Variable defined above

FIGURE 18

SUBSTITUTE SHEET (RULE 26)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

